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FOREWORD 

During the early 19601s, many thought that NDB's would disappear with the 
wide implementation of VOR/DME/TACAN. However, while the NDB has evolved from 
a primary to a secondary navigation aid, it has hardly disappeared. Quite to 
the contrary, it now outnumbers VOR stations by a factor of more than 2 to 1. 
No end of service is foreseen between now and the year 2000 because of the wide 
and increasing acceptance by aviation users and the lack of an acceptable 
replacement system. 

The NDB/ADF System, like most aeronautical systems, will continue to 
evolve in response to user needs. The number of FAA NDB's will remain stable 
and future growth primarily will be non-Federal in nature. As the system 
evolves, proper operation and compatibility among elements of the system must 
be maintained. This order is intended to provide guidance in this endeavor. 

Under the Federal Aviation Act of 1958, as amended, 49 USC Section 1301 
et seq., the FAA is charged with providing for the regulation and promotion of 
civil aviation in order to best foster its development and safety, and to 
provide for the safe and efficient use of the airspace by both civil and 
military aircraft. Explicitly, the Administrator shall develop, modify, test, 
and evaluate systems, procedures, facilities, and devices defining their 
performance characteristics as needed. This effort is directed toward meeting 
the need for safe and efficient navigation and traffic control of all civil and 

' military aircraft operating in a common civil/military National Airspace System. 

Administrator 
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CHAPTER 1. GENERAL 

1- PUZPOSE. T h i s  o r d e r  e s t a b l i s h e s  t h e  N o n d i r e c t i o n a l  Beacon (NDB) Automatic 
D i r e c t i o n  F i n d e r  (ADF) U.S. N a t i o n a l  A v i a t i o n  S tandard  d e f i n i n g  t h e  performance - 
r e q u i r e d  of  t h e  sys tem and i t s  components. T h i s  s t a n d a r d  d e f i n e s  t h e  
a p p l i c a t i o n  and performance c h a r a c t e r i s t i c s  a s  w e l l  a s  some o p e r a t i o n a l  
l i m i t a t i o n s  and r e s t r i c t i o n s  f o r  NDB and ADF equipment i n  t h e  Uni ted  S t a t e s .  
For ground and a i r b o r n e  components, t h i s  m a t e r i a l  i d e n t i f i e s  s i g n a l ,  f u n c t i o n a l ,  
and performance c h a r a c t e r i s t i c s  r e q u i r e d  t o  meet o p e r a t i o n a l  r e q u i r e m e n t s  and 
t o  p r o v i d e  c o m p a t i b i l i t y  between components o f  t h e  system. 

2 .  DISTRIBUTION. T h i s  o r d e r  i s  d i s t r i b u t e d  t o  b ranch  l e v e l  i n  t h e  O f f i c e s  of 
F l i g h t  S t a n d a r d s ,  A i r w o r t h i n e s s ,  A v i a t i o n  P o l i c y  and P l a n s ,  I n t e r n a t i o n a l  
A v i a t i o n ,  Europe,  A f r i c a ,  and Middle E a s t  O f f i c e ,  Systems E n g i n e e r i n g  S e r v i c e ,  
Program E n g i n e e r i n g  and Maintenance S e r v i c e ,  A i r  T r a f f i c  Opera t ions  S e r v i c e ,  
and A i r  T r a f f i c  P l a n s  and Requirements S e r v i c e ;  d i v i s i o n  l e v e l  i n  t h e  A v i a t i o n  
S tandards  N a t i o n a l  F i e l d  O f f i c e ;  b ranch  l e v e l  i n  t h e  r e g i o n a l  Airway F a c i l i t i e s  
D i v i s i o n s  and t h e  FAA T e c h n i c a l  C e n t e r ;  and t o  t h e  Airway F a c i l i t i e s  F i e l d  and 
S e c t o r  O f f i c e s .  

3 .  DEFINITIONS. Appendix 1, D e f i n i t i o n s  and Acronyms, c o n t a i n s  t h e  d e f i n i t i o n s  
and acronyms used i n  t h i s  o r d e r .  

4 .  AUTHORITY TO CHANGE THIS ORDER. The ~ i r e c t o r ,  Systems E n g i n e e r i n g  S e r v i c e ,  
may i s s u e  changes t o  t h i s  o r d e r .  The A d m i n i s t r a t o r  r e s e r v e s  t h e  a u t h o r i t y  t o  
approve changes which e s t a b l i s h  p o l i c y ,  d e l e g a t e  a u t h o r i t y ,  o r  a s s i g n  
r e s p o n s i b i l i t y .  

5 .  APPLICABILITY. The ~ a t i o n a l  s t a n d a r d  a p p l i e s  t o  a l l  NDB ground equipment 
and ADF a i r b o r n e  equipment used i n  t h e  ~ a t i o n a l  Ai r space  System (NAS). 

6 .  THE NDBIADF SYSTEM CHARACTERISTICS. 

a .  The ADF component c h a r a c t e r i s t i c s  a p p l y  i n  e n t i r e t y  t o  t h o s e  
components used i n  a i r c r a f t  o p e r a t i o n s  performed under  I n s t r u m e n t  F l i g h t  Rules 
( IFR) .  However, f o r  o t h e r  a i r c r a f t  o p e r a t i o n s ,  t h e  a p p l i c a b i l i t y  i s  l i m i t e d  t o  
r e q u i r e m e n t s  i d e n t i f i e d  i n  c h a p t e r  4 a s  e s s e n t i a l  t o  p r e v e n t  impairment o f  
s e r v i c e s  t o  o t h e r  NAS u s e r s .  

b. I n  a l l  c a s e s  where a  pa ramete r  and a s s o c i a t e d  t o l e r a n c e  i s  i d e n t i f i e d  
h e r e i n ,  ground s t a t i o n s  s h a l l  b e  m a i n t a i n e d  w i t h i n  t h e s e  l i m i t s  by q u a l i t y  
a s s u r a n c e  methods i n c l u d i n g  m o n i t o r i n g ,  p e r i o d i c  ground o r  f l i g h t  i n s p e c t i o n s ,  
o r  a  combinat ion o f  t h e s e  methods. 

c .  Opera to r s  of  a i r b o r n e  sys tems d e s i g n e d ,  i n s t a l l e d ,  and o p e r a t e d  i n  
accordance  w i t h  t h i s  o r d e r  can e x p e c t  t o  a c h i e v e  t h e  sys tem performance which 
t h e  o r d e r  i s  des igned  t o  p r o v i d e .  

Chap 1 
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CHAPTER 2 .  NDB/ADF SYSTEM 

20. NDB/ADF SYSTEM DESCRIPTION. The NDB/ADF Sys tem i s  a  s h o r t  d i s t a n c e  a i r  
n a v i g a t i o n  sys tem.  The ground component p r o v i d e s  p r o p e r l y  e q u i p p e d  a i r c r a f t  
w i t h  b e a r i n g  and i d e n t i f i c a t i o n  r e f e r e n c e d  t o  t h e  s e l e c t e d  g round  component.  
The s y s t e m  p r o v i d e s  n a v i g a t i o n  s i g n a l s  t o  a l l  c i v i l  and m i l i t a r y  a v i a t i o n  f o r  
t h e  s a f e  and e f f i c i e n t  conduc t  o f  a i r c r a f t  o p e r a t i o n s ,  e x e r c i s e  o f  a i r  t r a f f i c  
c o n t r o l ,  and u s e  o f  a i r s p a c e .  The NDB i s  a n  I n t e r n a t i o n a l  C i v i l  A v i a t i o n  
O r g a n i z a t i o n  s t a n d a r d  n a v i g a t i o n  a i d .  The NDB/ADF Sys tem n a s  been  a l l o c a t e d  
r a d i o  s p e c t r u m  i n  t h e  a e r o n a u t i c a l  r a d i o n a v i g a t i o n  s e r v i c e .  The p r i m a r y  
p u r p o s e  o f  t h e  N D B I A D F  Sys tem is  f o r  n a v i g a t i o n .  Whi le  o t h e r  s e r v i c e s  may b e  
p r o v i d e d  by t h e  s y s t e m ,  t h e y  a r e  l e s s  i m p o r t a n t  t h a n  t h e  n a v i g a t i o n  i n f o r -  
ma t ion .  The i d e n t i f i c a t i o n  s i g n a l  i s  a n  i n t e g r a l  p a r t  o f  t h e  n a v i g a t i o n  s i g n a l  
s i c c e ,  w i t h o u t  t h e  i d e n t i f i c a t i o n ,  t h e  n a v i g a t i o n  i n f o r m a t i o n  c a n n o t  b e  
v a l i d a t e d .  

21. RATED COVERAGE VOLUXE. Rated  c o v e r a g e  i s  t h e  volume o f  a i r s p a c e  a round  a n  
N D B ,  w i t h i n  which t h e  s t r e n g t h  o f  t h e  v e r t i c a l  f i e l d  o f  t h e  groundwave meets o r  
e x c e e d s  t h e  minimum f i e l d  s t r e n g t h  a s  s p e c i f i e d  i n  p a r a g r a p h  63a .  

22. EFFECTIVE COVERAGE VOLUME. E f f e c t i v e  c o v e r a g e  i s  t h e  volume o f  a i r s p a c e  
a round  a n  NDB,  w i t h i n  which b e a r i n g s  c a n  b e  o b t a i n e d  w i t h  a  t o t a l  s y s t e m  
a c c u r a c y  o f  LO d e g r e e s  t o  t h e  r i g h t  o r  l e f t  o f  c o u r s e .  I n  g e n e r a l ,  a  
f a c i l i t y ' s  e f f e c t i v e  c o v e r a g e  volume i s  s m a l l e r  t h a n  t h e  r a t e d  c o v e r a g e  volume. 

23.  OPERATIONAL SERVICE VOLUME. O p e r a t i o n a l  c o v e r a g e  i s  t h e  volume o f  
a i r s p a c e  a round  a n  NDB which i s  a d v e r t i s e d  by t h e  FAA a s  a v a i l a b l e  f o r  a i r b o r n e  
use .  The o p e r a t i o n a l  c o v e r a g e  s h a l l  n o t  exceed  t h e  r a t e d  c o v e r a g e  o r  t h e  
e f E e c t i v e  c o v e r a g e  on  any  a z i m u t n  o r  a t  any  e l e v a t i o n .  N D B ' s  a r e  a v a i l a b l e  Eor 
u s e  w i t h i n  t h e i r  o p e r a t i o n a l  s e r v i c e  volumes. O u t s i d e  t h i s  a i r s p a c e  r e l i a b l e  
s e r v i c e  may n o t  be  a v a i l a b l e .  

24.  STANDARD SERVICE VOLUMES. N D B ' s  a r e  c l a s s i f i e d  a c c o r d i n g  t o  t h e i r  
i n t e n d e d  use.  The r a n g e s  o f  NDB s e r v i c e  volumes a r e  shown i n  f i g u r e  2-1. The 
d i s t a n c e s  ( r a d i u s )  a r e  t h e  same a t  a l l  a l t i t u d e s .  

FIGURE 2-1. NDB SERVICE VOLU3E RANGES - 

CLASS DISTANCE (RADIUS) 

15 nmi 
25  nmi 
50 nmi 
75 nmi 

NOTE: S e r v i c e  volume r a n g e s  o f  i n d i v i d u a l  f a c i l i t i e s  may be l e s s  t h a n  t h a t  
i n d i c a t e d .  R e s t r i c t i o n s  t o  s e r v i c e  volumes a r e  f i r s t  p u b l i s h e d  i n  t h e  
N o t i c e  t o  Airmen (NOTAM) and t h e n  w i t h  t h e  a l p h a b e t i c a l  l i s t i n g  o f  t h e  
n a v i g a t i o n  a i d  (NAVAID) i n  t h e  A i r p o r t / F a c i l i t y  D i r e c t o r y .  

Chap 2 
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25.  SERVICE LIXITATIONS DUE TO IONOSPHEIITC REXECTIONS. ,ow Ere~. :eccy  (LF) 
r a d i a t i o n  p r o p a g a t e s  b o t h  a s  a  groundwave and a s  a  skywave. The groundwave i s  
u s e d  f o r  n a v i g a t i o n .  The skywave i s  g e n e r a l l y  a n r e l i s ' s l e  2c.- r i a v i g a t l o n a l  u s e  
due  t o  b e a r i n g  i n a c c u r a c i e s .  A g i v e n  NDB's groundwave i s  s o - i c l - z s  
s i m u l t a n e o u s l y  r e c e i v a b l e  x i t h  a  skywave which can  c a u s e   in^ r f e r e n c e  and 
d e g r a d e ,  o r  make u n u s a b l e ,  t h e  n a v i g a t i o n  s i g n a l .  T h i s  i n t e - e r e n c e  can  o c c u r  
i n  two ways c a l l e d  " n i g h t  e f f e c t "  and "skynave  i n t e r f e r e n c e . " '  

a .  Skywave i n t e r f e r e n c e  i s  a  s i t u a t i o n  i n  which any skywave i s  l a r g e  
enough t o  i n t e r f e r e  w i t h  a  g i v e n  N D B ' s  groundwave. A t  n i g h t ,  t h e  r e f l e c t i v e  
p r o p e r t i e s  o f  t h e  i o n o s p h e r e  i n c r e a s e  and t h e  skywave can  b e  s u b s t a n t i a l l y  
l a r g e r  t h a n  d u r i n g  t h e  day .  When a  skywave i s  l a r g e  enough t o  i n t e r f e r e  d i t h  a  
groundwave,  t h i s  s i t u a t i o n  i s  a p t l y  c a l l e d  "skywave i n t e r f e r e n c e . "  Vhen t h e  
skywave o f  a  f a c i l i t y  i n t e r f e r e s  w i t h  i t s  own groundwave,  t h i s  t y p e  o f  skywave 
i n t e r f e r e n c e  i s  c a l l e d  " n i g h t  e f f e c t . "  Skywave i n t e r f e r e n c e  i s  s u b j e c t  t o  
d i u r n a l ,  s e a s o n a l ,  and i r r e g u l a r  chang ing  p r o p e r t i e s  of  t h e  i o n o s p h e r e .  I t  i s  
n o t  p o s s i b l e  t o  p r e d i c t  p r e c i s e l y  when and where skywave i n t e r f e r e n c e  w i l l  
o c c u r  o r  khe s e v e r i t y  o f  i t s  e f f e c t  on t h e  NDB/ADF Sys tem o ? e r a t i o n s .  Skywave 
i n t e r f e r e n c e  m a n i f e s t s  i t s e l f  i n  one  o r  more o f  t h e  f o l l o w i n g  ways: e r r o n e o u s  
b e a r i n g s ,  " h u n t i n g "  o f  t h e  ADF n e e d l e ,  g a r b l i n g  o f  t h e  i d e n t i f i c a t i o n  s i g n a l ,  
a n d / o r  t h e  p r e s e n c e  o f  %ore  t h a n  one  i d e n t i f i c a t i o n  s i g n a l .  Skywave 
i n t e r f e r e n c e  i s  most  l i k e l y  t o  o c c u r  from s h o r t l y  b e f o r e  sundown u n t i l  s h o r t l y  
a f t e r  s u n r i s e .  

b.  N igh t  e f f e c t  i s  a  s i t u a t i o n  i n  which t h e  groundwave and skywave o f  a  
g i v e n  NDB a r e  s i m u l t a n e o u s l y  r e c e i v a b l e  z t  l a r g e  d i s t a n c e s  from t h e  NDB. Vhen - 

t h i s  o c c u r s ,  i t  i s  u n l i k e l y  t h a t  r e l i a b l e  b e a r i n g s  can  b e  o b t a i n e d  i f  t h e  
groundwave d o e s  n o t  exceed  t h e  skywave by  a t  l e a s t  10 d e c i b e l s  ( d ~ ) .  I n  most 
c a s e s ,  t h i s  i s  n o t  a n  o p e r a t i o n a l  c o n c e r n  b e c a u s e  N D B ' s  a r e  g e n e r a l l y  u s e d  a t  
s h o r t  r a n g e s  a s  t e r m i n a l  o r  t r a n s i t i o n  f a c i l i t i e s .  A t  s h o r t  r a n g e  n i g h t  e f f e c t  
i s  n o t  a  problem. A t  v e r y  l o n g  r a n g e s ,  however,  n i g h t  e f f e c t  can  p r e s e n t  
b e a r i n g  a c c u r a c y  problems.  T h e r e f o r e ,  t h e  maximum o p e r a t i o n a l  s e r v i c e  volume 
s h a l l  n o t  e x t e n d  beyond t h e  r a n g e  where t h e  groundwave w i l l  exceed  t h e  skywave 
by  10 dB. The maximum a l l o w a b l e  r a n g e  i s  dependen t  on t h e  NDB f r equency  and on 
ground c o n d u c t i v i t y .  However, i t  i s  independen t  o f  NDB power s i n c e  i n c r e a s i n g  
t h e  t r a n s m i t t e r  power i n c r e a s e s  b o t h  t h e  groundwave and t h e  skywave. 

25. RADIOFREqUENCY ( R F )  ALLOCATIONS. The NDB/ADF System i s  a l l o c a t e d  r a d i o  
s p e c t r u m  i n  t h e  a e r o n a u t i c a l  r a d i o n a v i g a t i o n  s e r v i c e .  S p e c i f i c  f r e q u e n c i e s  
a l l o c a t e d  f o r  NDS/ADF u s e  a r e  l i s t e d  i n  Appendix 3 ,  NDB F r e q u e n c i e s .  
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30. IDENTIFICATION CODE. The NDB i d e n t i f i c a t i o n  code s h a l l  be  a s  fo l lows :  

a.  S tandard  I d e n t i f i c a t i o n  Code. With t h e  e x c e p t i o n  o f  t h e  two c a s e s  
o u t l i n e d  i n  subparagraphs  b  and c ,  a l l  NDB's s h a l l  t r a n s m i t  a  t h r e e - l e t t e r  
i d e n t i f i c a t i o n  code. T h i s  code s h a l l  b e  t r a n s m i t t e d  a t  i n t e r v a l s  equal  t o  
s i x t y - f o u r  ( 6 4 )  d o t  l e n g t h s .  

b. Compass L o c a t o r  (COXLO). COYLO'S s h a l l  t r a n s m i t  a  t w o - l e t t e r  
i d e n t i f i c a t i o n  code d e r i v e d  from t h e  i d e n t i f i c a t i o n  code of  t h e  ins t rument  
l a n d i n g  sys tem (ILS)  w i t h  which i t  i s  a s s o c i a t e d .  The i d e n t i f i c a t i o n  code 
s h a l l  b e  t r a n s m i t t e d  a t  i n t e r v a l s  equa l  t o  f o r t y - e i g h t  ( 4 8 )  d o t  l e n g t h s .  

c .  '7D3's That  Are Not P a r t  of  t h e  NAS. With NDB's t h a t  a r e  no t  a  p a r t  o f  
t h e  NAS, i t  i s  p e r m i s s i b l e  t o  add one d i g i t  t o  t h e  s t a n d a r d  t h r e e - l e t t e r  
i d e n t i f  i c 3 t i  on code. T h i s  f o u r - c h a r a c t e r  code ( t h r e e  l e t t e r s ,  one number) 
s h a l l  bcl t r a n s m i t t e d  a t  i n t e r v a l s  equa l  t o  e i g h t y  ( 8 0 )  d o t  l e n g t h s .  

d .  Code Suppress ion .  The NDB i d e n t i f i c a t i o n  code s h a l l  n o t  be  suppressed  
d u r i n g  v o i c e  t r a n s m i s s i o n s .  

e .  Absence of I d e n t i f i c a t i o n .  The absence of  an i d e n t i f i c a t i o n  code 
s h a l l  s e r v e  a s  an  i n d i c a t i o n  t h a t  t h e  N 3 B  i s  unusab le  o r  o u t  of  s e r v i c e .  

31 .  STATION V O I C E  TRANSXISSIONS. The NDB can be used a s  an  o u t l e t  f o r  
automated weather  o b s e r v i n g  sys tem and o t h e r  weather  sys tem b r o a d c a s t s  u n t i l  an  
a l t e r n a t e  method of  d i s s e m i n a t i n g  t h i s  i n f o r m a t i o n  becomes a v a i l a b l e .  Bowever, 
t h e  ~ r i m a r y  purpose  o f  N D B ' S  i s  t o  p r o v i d e  n a v i g a t i o n a l  a i d  and ,  t h e r e f o r e ,  
ND3's shou ld  n o t  be  r e t a i n e d  s o l e l y  t o  s a t i s f y  v o i c e  b r o a d c a s t  r equ i rements .  
The q u a l i t y  of  v o i c e  t r a n s m i s s i o n  f r o a  an NDB can be  a  problem because  of 
an tenna  bandwidth l i m i t a t i o n s  and s u s c e p t i b i l i t y  t o  n o i s e  from manmade and 
n a t u r a l  s o u r c e s .  - k e n  i n s t a l l e d ,  NDB v o i c e  coverage w i l l  b e  u s a b l e  t o  a t  l e a s t  
two- th i rds  o f  t h e  r a t e d  s e r v i c e  volume. 

3 2 .  AIRBORNE CO5PYPONENTS. Ai rborne  components of  t h e  system c o n s i s t  of ADF 
equipment which conforms t o  t h e  r e q u i r e m e n t s  o f  c h a p t e r  4 of t h i s  o r d e r .  

33. NDB/ADF-BEARING ACCURACY. The b a s i c  purpose  of  an N D 3  i s  t o  a l l o w  an 
ADF-equipped a i r c r a f t  t o  f l y  from p o i n t  A t o  p o i n t  B and t o  s t a y  w i t h i n  a  
d e f i n e d  a i r s p a c e  i n  t h e  p rocess .  For t e rmina l  and t r a n s i t i o n  N D B ' s ,  t h i s  
a i r s p a c e  i s  t h e  o b s t a c l e  c l e a r a n c e  zone.  T h i s  zone i s  based on NDB- and ADF- 
b e a r i n g  accuracy.  The t o t a l  sys tem accuracy  i s  approx imate ly  - +I0  degrees .  
( See appendix  2 ) .  
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3 4 .  USE OF OTHER THAN NDB GROUND STATIONS. I n  a d d i t i o n  t o  N D B 1 s ,  ADF 
r e c e i v e r s  can a l s o  r e c e i v e  and p rocess  s i g n a l s  from ampl i tude  modulat ion (AM) 
b r o a d c a s t  s t a t i o n s ,  mar i t ime  r a d i o  beacons ,  and s e v e r a l  o t h e r  types  of 
s t a t i o n s .  P i l o t s  have used such s t a t i o n s  a s  a i d s  d u r i n g  a  v i s u a l  f l i g h t  r u l e s  
(vFR) f l i g h t  f o r  a  long t ime. However, t h e s e  s t a t i o n s  a r e  n e i t h e r  f l i g h t  
i n s p e c t e d  nor  a  p a r t  o f  t h e  NAS. A  VFR f l i g h t  u s i n g  such ground s t a t i o n s  a s  a  
s o l e  means o f  n a v i g a t i o n  i s  u n c e r t i f i e d ;  p i l o t s  f l y  a t  t h e i r  own r i s k .  An IFR 
f l i g h t  u s i n g  such ground s t a t i o n s  s h a l l  n o t  b e  p e r m i t t e d .  

3 5 .  EN ROUTE USE OF NDB'S. Except a s  no ted  i n  subparagraphs  a ,  b ,  zed c ,  
N D B ' s  w i l l  n o t  be  used a s  en  r o u t e  n a v i g a t i o n  a i d s .  

a .  NDB1s may be used a s  en  r o u t e  a i d s  i n  Alaska when o t h e r  N A V A I D ' s  a r e  
u n a v a i l a b l e .  Ai r space  p r o t e c t i o n  s h a l l  be  i n c r e a s e d  t o  compensate f o r  t h e  
accuracy  l i m i t a t i o n s  i n  such c a s e s ,  

b .  NDB1s may be  used on a  temporary b a s i s  a s  s u b s t i t u t e  N A V A I D 1 s  t o  
s u p p o r t  an a i r  r o u t e  when a  Very High Frequency Omnid i rec t iona l  Radio Range i s  
o u t  o f  s e r v i c e .  

c .  MTB1s may be  used t o g e t h e r  w i t h  D i s t a n c e  Measuring Equipments f o r  t h e  
a i r  r o u t e  s t r u c t u r e  system. T h i s  may i n c l u d e  t e r m i n a l  approaches  i n  Alaska.  

3 6 .  USE OF AN NDB AS A COMLO. When an NDB i s  c o l o c a t e d  w i t h  a  marker beacon 
and used i n  c o n j u n c t i o n  w i t h  an  ILS, i t  i s  commonly r e f e r r e d  t o  a s  a  COMLO. 
Where a  COMLO i s  used a s  a  supplement t o  an  ILS, i t  shou ld  be  l o c a t e d  a t  t h e  
o u t e r  marker beacon s i t e .  Due t o  t h e  f requency conges t ion  i n  t h e  LF and medium 
frequency bands ,  u s e  of a  COMLO a t  t h e  middle  marker ,  i n  a d d i t i o n  t o  one a t  t h e  
o u t e r  marker ,  i s  n o t  recommended. 

3 7 .  NONPRECISION APPROACH, NDB LOCATION. Where an  NDB s e r v e s  a s  a  f i n a l  
approach f i x  i n  t h e  absence o f  an  ILS, t h e  NDB shou ld  be  l o c a t e d  a t  a  s i t e  
e q u i v a l e n t  t o  an  o u t e r  marker s i t e .  S i t e  s e l e c t i o n  s h a l l  t a k e  i n t o  account  t h e  
a p p r o p r i a t e  o b s t a c l e  c l e a r a n c e  requ i rements .  

3 8 .  FLAGS AND WARNINGS. Unl ike  most n a v i g a t i o n  a i d s ,  t h e  NDB/ADF System 
g e n e r a l l y  does n o t  p rov ide  a  warning o r  a  f l a g  i f  t h e  r e c e i v e d  s i g n a l  i s  - 

d e f i c i e n t  i n  l e v e l  o r  q u a l i t y .  The p i l o t  must de te rmine  whether  t h e  r e c e i v e d  
s i g n a l  i s  r e l i a b l e  by l i s t e n i n g  t o  t h e  i d e n t i f i c a t i o n  and observ ing  t h e  n e e d l e  
movements. The r e c e p t i o n  of two d i f f e r e n t  i d e n t i f i c a t i o n  s i g n a l s  s i m u l t a -  
n e o u s l y  o r  t h e  l a c k  o f  any i d e n t i f i c a t i o n  means t h a t  t h e  ADF b e a r i n g  i s  
u n r e l i a b l e .  S i m i l a r l y ,  unusual  n e e d l e  v a r i a t i o n s  a r e  a l s o  a n  i n d i c a t i o n  of 
u n r e l i a b l e  b e a r i n g .  S ince  t h e  NDB/-OF System p r o v i d e s  no o t h e r  warning o r  f l a g ,  
t h e  p i l o t  must moni tor  bo th  s t a t i o n  i d e n t i f i c a t i o n  and ADF n e e d l e  v a r i a t i o n  
whi le  making use  of t h e  NDB/ADF System. 
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39. PILOT MONITORING DURING USE. ADF n a v i g a t i o n  r e q u i r e s  t h a t  t h e  p i l o t  
moni to r  t h e  a u d i o  o u t p u t  of  t h e  ADF r e c e i v e r  ( i . e . ,  t h e  NDB i d e n t i f i c a t i o n  and 
a l l  o t h e r  r e c e i v e d  s i g n a l s  i n c l u d i n g  background n o i s e )  and t h e  n e e d l e  a c t i o n  o f  
t h e  b e a r i n g  i n d i c a t o r .  Whenever t h e r e  i s  a  q u e s t i o n  a s  t o  t h e  r e l i a b i l i t y  of  
t h e  NDB s i g n a l ,  t h e  p i l o t  shou ld  s w i t c h  t o  a n o t h e r  f o r =  of  n a v i g a t i o n .  There 
a r e  some p o t e n t i a l  problems of  which t h e  p i l o t  shou ld  b e  aware such a s ,  RF 
i n t e r f e r e n c e  from o t h e r  N D B ' S ,  skywave i n t e r f e r e n c e  (pa ragraph  2 5 ) ,  and a d v e r s e  
v e a t h e r  and p r e c i p i t a t i o n  s t a t i c  (p-s t a t i c )  . Adverse wea$her and p - s t a t i c  can 
a f f e c t  t h e  r e c e p t i o n  of NDB s i g n a l s .  T h i s  i s  caused p r i m a r i l y  by thunder-  
s to rms ;  f r i c t i o n a l  c h a r g i n g  from n e u t r a l  snow, i c e ,  d u s t ,  o r  p a r t i c l e s  i n  t h e  
a tmosphere;  and e n g i n e  c h a r g i n g .  The d u r a t i o n  of t h e s e  e f f e c t s  can  b e  
momentary o r  they  can l a s t  f o r  t h e  d u r a t i o n  o f  t h e  f l i g h t .  

$0.-59. RESERVED. 
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CHAPTER 3.  OPERATIONAL CHARACTERISTICS OF NDB GROUND STATIONS 

60. INTRODUCTION. T h i s  c h a p t e r  i d e n t i f i e s  s i g n a l  c h a r a c t e r i s t i c s  and 
t o l e r a n c e s  of  t h e  MDB ground s t a t i o n .  T h i s  c h a p t e r  r e p r e s e n t s  performance t h a t  - 
s h a l l  b e  p rov ided  th roughout  t h e  o p e r a t i o n a l  s e r v i c e  volume. 

61. EMISSION CHARACTERISTICS. The mean power o f  any unwanted emiss ions  
s u p p l i e d  t o  t h e  an tenna  t r a n s m i s s i o n  l i n e ,  a s  compared w i t h  t h e  mean power of 
t h e  fundamental ,  s h a l l  b e  i n  accordance  w i t h  t h e  fo l lowing :  

a .  On any f requency  removed from t h e  a s s i g n e d  f requency by more t h a n  
100 p e r c e n t ,  up t o  and i n c l u d i n g  150 p e r c e n t  o f  t h e  a u t h o r i z e d  bandwidth ,  a t  
l e a s t  25 dB a t t e n u a t i o n .  

b.  On any f requency  removed from t h e  a s s i g n e d  f requency  by more t h a n  
150 p e r c e n t ,  and up t o  and i n c l u d i n g  300 p e r c e n t  of  t h e  a u t h o r i z e d  bandwidth ,  
a t  l e a s t  35 dB a t t e n u a t i o n .  

c .  On any f requency removed from t h e  a s s i g n e d  f requency by more than  
300 p e r c e n t  o f  t h e  a u t h o r i z e d  bandwidth ,  f o r  t r a n s m i t t e r s  w i t h  mean power of 
5 k i l o w a t t s  o r  g r e a t e r ,  a t  l e a s t  80 dB a t t e n u a t i o n ;  and f o r  t r a n s m i t t e r s  wi th  
mean power l e s s  t h a n  5  k i l o w a t t s ,  a t  l e a s t  $3 p l u s  10 log10 (mean power o f  
t h e  fundamental  i n  w a t t s )  dB a t t e n u a t i o n ;  i . e . ,  50 mic rowat t s  a b s o l u t e  l e v e l .  

62. FREQUENCY TOLERANCE. The f requency t o l e r a n c e  of  t h e  NDB c a r r i e r  s h a l l  
comply w i t h  t h e  fo l lowing :  

a .  The RF c a r r i e r  of  a l l  s t a t i o n s  s h a l l  b e  w i t h i n  0 .01 p e r c e n t  o f  t h e  
a s s i g n e d  f requency.  

b. With d u a l  c a r r i e r  N D B ' s ,  t h e  r equ i rements  of  t h i s  paragraph r e f e r  t o  
t h e  con t inuous  c a r r i e r  a s  opposed t o  t h e  keyed c a r r i e r  t h a t  p r o v i d e s  t h e  
s t a t i o n  i d e n t i f i c a t i o n .  

63. FIELD STRENGTH. 

a .  Minimum F i e l d  S t r e n g t h .  Throughout t h e  o p e r a t i o n a l  coverage volume, 
t h e  minimum f i e l d  s t r e n g t h  s h a l l  n o t  b e  l e s s  than  50 m i c r o v o l t s  pe r  meter  
(uv/m),  which i s  t h e  minimum v a l u e  a l lowed a t  t h e  a l a r m  p o i n t .  T h i s  i s  
e q u i v a l e n t  t o  70 uv/m a t  peak power. (50 uv/m = 3% d ~ u v / m ;  70 uv/m = 37 
d ~ u v / m ) .  d ~ u v / i n  a r e  dB's w i t h  r e s p e c t  t o  one m i c r o v o l t .  

b. F l i g h t  I n s p e c t i o n  Guidance. Minimum f i e l d  s t r e n g t h  s e t t i n g s  w i l l  be  
based on f l i g h t  i n s p e c t i o n  guidance.  C o r r e l a t i o n  o f  f l i g h t  i n s p e c t i o n  r e s u l t s  
w i l l  b e  made w i t h  t h e  measurements of  an tenna  c u r r e n t  and impedance made by t h e  
maintenance t e c h n i c i a n  d u r i n g  r o u t i n e  checks  of  t h e  f a c i l i t y .  A l s o ,  t h e  
s e l e c t i o n  of  a i r b o r n e  l o c a t i o n s  and t imes  t h a t  t h e  f i e l d  s t r e n g t h  i s  measured 
i s  impor tan t  i n  o r d e r  t o  avo id  abnormal r e s u l t s  f o r  t h e  l o c a l i t y  concerned;  
l o c a t i o n s  on a i r  r o u t e s  i n  t h e  a r e a  around t h e  beacon a r e  o p e r a t i o n a l l y  most 
s i g n i f i c a n t .  
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64.  POWER LIWITATIONS. NDB r a d i a t e d  power s h a l l  n o t  exceed  by more t h a n  2  dB 
t h a t  power which i s  n e c e s s a r y  t o  p r o v i d e  a  f i e l d  s t r e n g t h  o f  70 uv/m, a t  peak 
power,  t h r o u g h o u t  t h e  o p e r a t i o n a l  s e r v i c e  volume ( s e e  p a r a g r a p h  6 3 a ) .  

65. SINGLE CARRIER NDB'S. A " s i n g l e  c a r r i e r "  NDB i.s a  d o u b l e  s i d e b a n d  
sys tem.  I t  r a d i a t e s  a  c o n t i n u o u s  wave (CW) c a r r i e r  on t h e  a s s i g n e d  f r e q u e n c y .  
The i d e n t i f i c a t i o n  s i g n a l  i s  p r o v i d e d  by keyed AM o f  t h e  c a r r i e r  f r equency .  
The e m i s s i o n  d e s i g n a t o r  i s  2KO4A2A f o r  a  s i n g l e  c a r r i e r  NDB w i t h  1020 Hz 
modu la t ion .  The e m i s s i o n  d e s i g n a t o r  i s  800HA2A f o r  a  s i n g l e  c a r r i e r  NDB w i t h  
400 Hz modu la t ion .  

56.  DUAL CARRIER NDB'S. A " d u a l  c a r r i e r "  NDB i s  a  s i n g l e  s i d e b a n d  sys t em 
( f u l l  c a r r i e r ) .  I t  r a d i a t e s  a  CW c a r r i e r  on t h e  a s s i g n e d  f r equency .  The - 

i d e n t i f i c a t i o n  s i g n a l  i s  p r o v i d e d  b y  o n / o f f  k e y i n g  o f  a  second c a r r i e r .  T h i s  
second c a r r i e r  i s  t r a n s m i t t e d  a t  a  f r e q u e n c y  e q u a l  t o  t h e  c a r r i e r  f r e q u e n c y  
p l u s  t h e  f r e q u e n c y  o f  t h e  m o d u l a t i o n  tone .  Fo r  example ,  a t  a  c a r r i e r  f r e q u e n c y  
o f  200 kHz, t h e  second c a r r i e r  would b e  a p p r o x i m a t e l y  200.5 kHz (400  Hz 
i d e n t i f i c a t i o n )  o r  201.02 kHz (1020 Hz i d e n t i f i c a t i o n ) .  The e m i s s i o n  
d e s i g n a t o r  i s  IK12XXA f o r  a  d u a l  c a r r i e r  NDB w i t h  1020 Hz modu la t ion .  The 
e m i s s i o n  d e s i g n a t o r  i s  500HXXA f o r  a  dua l  c a r r i e r  NDB w i t h  $00 Hz m o d u l a t i o n .  

57. IDENTIFICATION CODE MODULATIONS. The c h a r a c t e r i s t i c s  o f  t h e  
i d e n t i f i c a t i o n  code s h a l l  conform t o  t h e  f o l l o w i n g :  

a .  ~ o d u l a t i o n  Frequency.  The m o d u l a t i o n  f r e q u e n c y  s h a l l  b e  e i t h e r  $09 
f 2 5  Hz o r  1920 +50 Hz. - - 

b.  Depth o f  Modula t ion .  The d e p t h  o f  m o d u l a t i o n  o f  t h e  c a r r i e r  o f  a n  NDB 
s h o u l d  b e  a s  g r e a t  a s  p o s s i b l e .  N i n e t y - f i v e  p e r c e n t  m o d u l a t i o n ,  a s  measured a t  
t h e  t r a n s m i t t e r ,  s h o u l d  b e  a  g o a l .  T h i s  g o a l  i s  dependen t  upon t h e  a n t e n n a  
s y s t e m s  f r e q u e n c y  bandwid th ,  f r e q u e n c y  o f  t h e  m o d u l a t i o n  s i g n a l ,  and t h e  
c o n d i t i o n  o f  t h e  a n t e n n a .  With t h e s e  c o n s t r a i n t s  c o n s i d e r e d ,  t h e  modu la t ion  
l e v e l  s h o u l d  b e  a s  g r e a t  a s  p r a c t i c a l  w i t h o u t  d i s t o r t i n g  t h e  n a v i g a t i o n  o r  
i d e n t i f i c a t i o n  s i g n a l .  

68.  MONITORING. The r a d i a t e d  s i g n a l  s h a l l  b e  mon i to red  and removed from 
s e r v i c e  upon r e c o g n i t i o n  o f  u n s a f e  o p e r a t i o n s .  

63. GROUNDING. Frequency p l a n n i n g  i s  done on t h e  a s sumpt ion  t h a t  t h e  f i e l d  
s t r e n g t h  and t h e  e q u i v a l e n t  i s o t r o p i c  r a d i a t e d  power ['EIRP) w i l l  b e  m a i n t a i n e d  - 
w i t h i n  t h e  p r o p e r  t o l e r a n c e s .  I f  t h e  g round ing  r e s i s t a n c e  i s  h i g h  ( d u e  t o  
i n s u f f i c i e n t  g r o u n d i n g ) ,  t h e  r a d i a t i o n  e f f i c i e n c y  w i l l  b e  lower and t h e  ETRP 
w i l l  h a v e  a n  i n c r e a s e d  s e n s i t i v i t y  t o  changes  i n  c l i m a t i c  c o n d i t i o n s  and o t h e r  
f a c t o r s .  C o n s e q u e n t l y ,  i n  a l l  c a s e s ,  t h e  g round ing  s y s t e m  shou ld  b e  t h e  b e s t  
p o s s i b l e ,  t a k i n g  i n t o  a c c o u n t  l o c a l  c i r c u m s t a n c e s .  

70 .-89. RESERVED. 
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CHAPTER 4 .  OPERATIONAL CHARACTERISTICS FOR ADF COMLPONENTS 

9 3 .  INTRODUCTION. T h i s  c h a p t e r  s p e c i f i e s  t h e  f u n c t i o n a l  c a p a b i l i t y  and 
pe r fo rmance  c h a r a c t e r i s t i c s  r e q u i r e d  o f  t h e  ADF component.  The t e r m  
"component"  d e s c r i b e s  t h e  c o m p l e t e  a i r c r a f t  i n s t a l l a t i o n .  T h i s  i n c l u d e s  t h e  
a n t e n n a  and i t s  t r a n s m i s s i o n  l i n e ,  t h e  r e c e i v e r ,  e l e c t r i c a l  power s o u r c e ( s ) ,  
i d e n t i E i c a t i o n  s i g n a l  r e p r o d u c t i o n  d e v i c e s ,  and t h e  b e a r i n g  i n d i c a t o r ,  
A i r b o r n e  components  used  i n  IFR o p e r a t i o n s  must  meet  a l l  F e d e r a l  A v i a z i o n  
R e g u l a ~ i o n  r e q u i r e m e n t s .  For  non-IFR o p e r a t i o n s ,  t h e  r e q u i r e m e n t s  a r e  l i m i t e d  
to t h o s e  o f  p a r a g r a p h s  9 1  t h r o u g h  96.  Components s h o u l d  b e  c a p a b l e  o f  
p e r f o r m i n g  a s  s p e c i f i e d  t h r o u g h o u t  t h e  o p e r a t i o n a l  s e r v i c e  volume. The 
a p p l i c a b l e  pe r fo rmance  r e q u i r e m e n t s  s h o u l d  b e  met when t h e  ground s t a t i o n s  a r e  
o p e r a t i n g  i n  a c c o r d a n c e  w i t h  t h i s  o r d e r .  

9 1 .  RECEIVER SENSITIVITY. Based on t h e  f i e l d  s t r e n g t h  s p e c i f i e d  i n  p a r a -  
g r a p h  6 3 ,  t h e  a i r b o r n e  component s h a l l  p r o v i d e  t h e  s e n s i t i v i t y  n e c e s s a r y  t o  
d i s p l a y  t h e  b e a r i n g  i n f o r m a t i o n  w i t h  t h e  a c c u r a c y  s p e c i f i e d .  C l e a r  and 
d i s t i n c t  r e p r o d u c t i o n  o f  t h e  i d e n t i f i c a t i o n  s i g n a l  s h a l l  b e  ~ r o v i d e d  i n  t h e  
mode used  f o r  n a v i g a t i o n .  G r e a t e r  s e n s i t i v i t y  i s  n o t  recommended. E x c e s s i v e  
s e n s i t i v i t y  makes t h e  r e c e i v e r  u n n e c e s s a r i l y  s u s c e p t i b l e  t o  e l e c t r o m a g n e t i c  
i n t e r f e r e n c e .  I t  a l s o  e n c o u r a g e s  u s e  o f  t h e  N D B ' s  beyond t h e i r  o p e r a t i o n a l  
s e r v i c e  volume,  where  t h e  a i r s p a c e  is  n o t  f l i g h t  i n s p e c t e d  and where  f r e q u e n c y  
p r o t e c t i o n  i s  n o t  g u a r a n t e e d .  

9 2 .  RECEIVER SELECTIVITY. The s e l e c t i v i t y  o f  t h e  a i r b o r n e  component s h a l l  b e  
s u f f i c i e n t  t o  a s s u r e  a d e q u a t e  r e j e c t i o n  o f  ~ n d e s i r e d ' s i ~ n a l s .  C u r r e n t l y ,  t h e  
f r e q u e n c y  a s s i g n m e n t  p r o c e s s  p r o v i d e s  p r o t e c t i o n  t o  a i r b o r n e  components  t h a t  
meet  o r  exceed  t h e  s e l e c t i v i t y  o f  f i g u r e  4-1. F u t u r e  a i r b o r n e  components  s h a l l  
be  desi-gned t o  meet  t h e  improved s e l e c t i v i t y  o f  f i g u r e  4-2. 

FIGURE 4-1. CURRENT ADF RECEIVER SELECTIVITY 

Frequency  One-Signal  Two-Signal 
D i f f e r e n c e  S e l e c t i v i t y  S e l e c t i v i t y  

0 kHz O dB +12 dB 
+l kHz - O dB f l l  dB 
+2 kHz - - 3  dB + 7 dB 
+3 kHz - -15 dB - 5 dB 
+4 kHz - -29 dS -19 dB 
+5 kHz - 4 2  dB -32 dB 
+6 kHz - L e s s  t h a n  -48 dB L e s s  t h a n  -38 dB 

N9TE: Two-signal  s e l e c t i v i t y  d e f i n e s  t h e  minimum d e s i r e d  t o  u n d e s i r e d  
s i g n a l  r a t i o  ( D / U  r a t i o )  f o r  which a n  ADF s h a l l  b e  a b l e  t o  p r o v i d e  
s a t i s f a c t o r y  n a v i g a t i o n  i n f o r m a t i o n .  
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FIGURE 4 -2 .  FUTURE ADF RECEIVER SELECTIVITY 

Frequency 
D i f f e r e n c e  S e l e c t i v i t y  

0 kHz 0 dB 
+1 kHz - 0  dB 
+1.5 kHz - -6 dB 
+2 kHz -12 dB 
T3  HZ - -27 dB 
+4 kHz - -42 dB 
+5 kHz - -57 dB 
+6 kHz - -72 dB 
+7 kHz - Less  Than -80 dB 

Two-Signal 
S e l e c t i v i t v  

+12 dB 
+10 dB 
+ 4 dB 
- 2  dB 
-17 dB 
-32 dB 
-47 dB 
-62 dB 

Less  Than -70 dB 

93,  STATION IDENTIFICATION. I n  t h e  n a v i g a t i o n  mode, t h e  a i r b o r n e  component 
s h a l l  p r o v i d e  t h e  p i l o t  w i t h  p o s i t i v e  i d e n t i f i c a t i o n  o f  t h e  ground component. 

9 BEARING INFORMATION. The a i r b o r n e  component s h a l l  d i s p l a y ,  i n  a n  
unaabiguous manner, t h e  d i r e c t i o n  of  a r r i v a l  o f  t h e  r a d i o  s i g n a l  t o  which t h e  
r e c e i v e r  i s  tuned.  

95.  BEARING ACCURACY. The i n d i c a t e d  b e a r i n g  s h a l l  n o t  d i f f e r  from t h e  
d i r e c t i o n  of  a r r i v a l  of t h e  r a d i o  s i g n a l  t o  which t h e  a i r b o r n e  component i s  
tuned by more t h a n  3 degrees .  T h i s  s h a l l  app ly  a t  a l l  b e a r i n g  p o s i t i o n s  f o r  
tuned f r e q u e n c i e s  i n  t h e  190-535 kHz range.  (Also  s e e  appendix  2 ) .  

96. RADIATION. R a d i a t i o n  from a i r b o r n e  components s h a l l  n o t  r e s u l  t i n  
d e g r a d a t i o n  of  o p e r a t i o n a l  use  t o  o t h e r  sys tem u s e r s .  

37 .  DEVELOPXENT OF FLAG AND WARNING FUNCTIONS. With t o d a y ' s  t echno logy ,  f l a g  
and warning f u n c t i o n s  can be  added e a s i l y  t o  t h e  ADF r e c e i v e r .  S e v e r a l  
r e c e i v e r  t y p e s  have been marketed w i t h  t h i s  c a p a b i l i t y .  
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APPENDIX 2 .  SYSTEM BEARING ACCURACY 

6749.6 
Appendix 2 

1. SYSTEM ACCURACY. The a c c u r a c i e s  d e s c r i b e d  and q u a n t i f i e d  i n  paragraph 2 
r e p r e s e n t  t h e  normal e r r o r  budget  f o r  an  NDB/ADF System t h a t  i n c l u d e s  b a s ~ c  
a v i o n i c s  w i t h  a n a l o g  i n d i c a t o r s ,  a  t y p i c a l  NDB ground s t a t i o n  and an 
environment t h a t  does  n o t  i n c l u d e  e x c e s s i v e  env i ronmenta l  e r r o r s .  Margin f o r  
p i lo t - induced  f l i g h t  t e c h n i c a l  e r r o r  i s  a l s o  inc luded .  

2 .  COMBINED ERROR COMPONENT DEFINITION. The e r r o r  terms a r e  defzned a s  
fo l lows :  

a .  Environmental  E r r o r  (Ee) .  Environmental  e r r o r  i s  t h e  e r r o r  
a t t r i b u t a b l e  t o  such  f a c t o r s  a s  i r r e g u l a r  t e r r a i n  (mountain r i d g e s ,  s h a r p  
d i s c m t i q u i t i e s  i n  jrounL c o n d u c t i v i t y ,  e t c . )  and a tmospher ic  n o i s e .  

b. ADF Receiver  E r r o r  (Ea) .  ADF r e c e i v e r  e r r o r  i s  t h a t  e r r o r  
a t t r i b u t a b l e  t o  t h e  i n a b i l i t y  of  t h e  a i r b o r n e  equipment t o  de te rmine  c o r r e c t l y  
t h e  d i r e c t i o n  o f  s i g n a l  a r r i v a l  r e l a t i v e  t o  t h e  a i r c r a f t  heading.  Th i s  e lement  
embraces a l l  f a c t o r s  i n  t h e  ADF r e c e i v e r  which i n t r o d u c e  e r r o r s  i n  t h e  
i n f o r m a t i o n  p r e s e n t e d  t o  t h e  p i l o t .  

c .  I n s t r u m e n t a t i o n  E r r o r  ( E i ) .  I n s t r u m e n t a t i o n  e r r o r  i s  t h a t  e r r o r  
a t t r i b u t a b l e  t o  t h e  i n a b i l i t y  of  t h e  a i r b o r n e  equipment t o  d i s p l a y  c o r r e c t l y  
t h e  b e a r i n g  a s  determined by t h e  ADF r e c e i v e r .  

d. Quadran ta l  E r r o r  (Eq).  q u a d r a n t a l  e r r o r  i s  t h e  a n g u l a r  e r r o r  of a 
measured b e a - i n g  caused b y  d i s t u r b a n c e s  due t o  t h e  c h a r a c t e r i s t i c s  of  t h e  
a i r c r a f t .  

e .  T i l t  E r r o r  ( E t ) ,  T i l t  e r r o r  i s  t h e  e r r o r  which o c c u r s  a s  a  f u n c t i o n  
of  t h e  a n g l e  t h a t  an  a i r c r a f t  i s  banked d u r i n g  f l i g h t .  

f .  F l i g h t  T e c h n i c a l  E r r o r  ( E f ) .  F l i g h t  t e c h n i c a l  e r r o r  r e f e r s  t o  t h e  
accuracy  w i t h  which t h e  p i l o t  c o n t r o l s  t h e  a i r c r a f t .  I t  i s  measured by u s e r ' s  
s u c c e s s  i n  c a u s i n g  t h e  i n d i c a t e d  a i r c r a f t  p o s i t i o n  t o  match t h e  i n d i c a t e d  
command f o r  d e s i r e d  p o s i t i o n ,  I t  does n o t  i n c l u d e  p r o c e d u r a l  b l u n d e r s .  

g. Combined E r r o r  ( E s ) .  Combined e r r o r  i s  t h e  t o t a l  sys tem e r r o r .  I t  
t a k e s  i n t o  accoun t  no t  on ly  t h e  env i ronmenta l  e r r o r  b u t  a l s o  a l l  o f  t h e  v a r i o u s  
t y p e s  of  e r r o r s  a t t r i b u t a b l e  t o  t h e  a i r b o r n e  equipment ,  t h e  f l i g h t  t e c h n i c a l  
e r r o r ,  and t h e  q u a d r a n t a l  e r r o r .  

3 .  A I R B O R N E  BEARING ERROR DEFINITION. The t e rm " a i r b o r n e  b e a r i n g  e r r o r "  w i l l  
be  c o n s i d e r e d  t o  i n c l u d e  a i r b o r n e  component e r r o r ,  i n s t r u m e n t a t i o n  e r r o r ,  and 
q u a d r a n t a l  e r r o r .  
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